Abstract: Comprehensive quarterly serosurveillance on scrub typhus in small mammals collected from military training sites located near the Demilitarized Zone (DMZ), northern Gyeonggi-do (Province), ROK was conducted to determine the potential rodent-borne and associated ectoparasite disease risks to military personnel. A total of 1,196 rodents and insectivores representing 8 species, Apodemus agrarius (87.3%, n = 1,044), Mus musculus (5.4%, n = 65), Crocidura /asiura (3.3%, n = 40), Microtus fortis (2.6%, n = 31), Micromys minutus (0.3%, n = 4), Tscherskia triton (0.3%, n = 4), Rattus norvegicus (0.3%, n = 4), and Myodes regulus (0.3%, n = 4) were assayed for the presence of antibodies to Orientia tsutsugamushi. 0. tsutsugamushi antibodies were detected in 6 of 8 species and seroprevalence determined; A. agrarius (45.6%), M. musculus (23.1%), M. fortis (48.4%), M. minutus (50.0%), T. triton (50.0%), and R. norvegicus (25.0%). A total of 31,184 chigger mites collected from 508 rodents and insectivores were slide-mounted and 10 species belonging to 4 genera were identified. Leptotrombidium pallidum (53.4%) was the most frequently collected, followed by L. palpale (15.7%), Neotrombicu/a tamiyai (14.3%), L. orientale (10.7%), L. zetum (3.1%), Walchia tragi/is (2.1%), and L. gemiticu-/um (0.8%), while the remaining 3 species, L. subintermedium, N. gardel/ai, and Euschoengastia koreaensis were rarely observed (prevalence < 1 0%). In contrast to previous surveys, higher chigger indices of the primary scrub typhus vectors, L. pallidum (165.4), L. orientale (45.0), and L. palpale (21.4), were observed during the spring season.
INTRODUCTION
Orientia tsutsugamushi, the causative agent of scrub typhus, is transmitted by larval chigger mites and is widely distributed throughout the Orient, parts of the Palearctic, and the Australasian zoogeographical regions. Eight scrub typhus cases were first reported from [1951] [1952] [1953] in UN anny soldiers in theRepublic of Korea (ROK) ( 1,2). Later, 64 cases were reported in 1985 (3) (4) (5) and from 1998 through 2003, the number of cases reported among ROK civilian and military personnel increased to 1,140-2,638 cases. The numbers of cases increased steadily, and by 2008 more than 6 ,000 cases were reported (6) . Peak numbers of scrub typhus cases were reported from October through December in the ROK (6, 7) . While there have been few confinned scrub typhus cases ( 1 each year for 1995 and 2003) among US soldiers, it remains a serious health threat, as it can rapidly incapacitate large numbers of persons and degrade military operations. Therefore, it is important to identify the spatial and temporal distribution of vectors and associated pathogens to develop and institute disease mitigation strategies.
A total of 44 species of chigger mites have been reponed from the ROK. Leptotrombidium pallidum and L. scutellare are the primary vectors of scrub typhus in the ROK. L. pallidum has the most widespread distribution, while L. scutellare is largely restricted to the southern half of the Korean peninsula and islands ( 8- Prescribed by ANSI Std Z39 -18 operated militaty training sites were assayed for 0. tsutsugamushispecific antibodies to determine the prevalence of infection. In addition, chiggers were removed and identified to species to determine small mammal host associations and their relative seasonal abundance. This study was conducted to provide a more accurate assessment of the potential health risk of soldiers acquiring scrub typhus while conducting military training exercises near the DMZ, northern Gyeonggi Province, ROK.
MATERIALS AND METHODS

Survey areas and collection of rodents
Seasonal small mammal surveillance was conducted during the March, June, August, and November-December at 8 US and ROK operated militaty training sites near the DMZ, northem Gyeonggi-do (Province), ROK (Fig. 1) . Small mammals were live captured utilizing Sherman~ collapsible traps (7.7 (30 ,ul) , was pi petted onto each spot, and the slides were then incubated in a humidified chamber at 37"C for 30 min. The slides were washed 3 times each for 5 min with PBS and then air-dried. The slide spots were mounted with glycine-buffered glycerol under cover slips and examined for characteristic cytoplasmic fluorescent patterns with a fluorescence microscope (50 W, Zeiss Co, Mainz, Germany).
Collection of chigger mites
Chigger mites were removed from the ears of euthanized small mammals using fine forceps under a dissecting microscope, placed in 80% ethanol, subsequently mounted on glass slides in Hoyer's mounting media, and then identified to species at x 400 using a standard key for chigger mites in Korea 119).
RESULTS
tsutsugamushi-specific antibodies in small mammals
A total of 1,196 rodents and soricomorphs (insectivores) representing 8 species and 8 genera were collected (Table 1 ) . Apodemus agrarius (87.3%) was the most frequently collected small mammal, followed by Mus musculus (5.4%), Crocidura lasiura (3.3%), Microtus fortis (2.6%), Micromys minutus (0.3%), Collection of chigger mites A total of31,184 chigger mites belonging to 10 species and 4 genera were collected from 508 rodents and soricomorphs (42.5% of total collected small mammals). Rauus noroegicus (325.0) had the highest chigger index (number of larval mites/ small mammal) for L. pallidum, a scrub typhus vector, followed by M. fortis (136.5), M. minutus (51.0), A. agrarius (31.9), M. musculus (7. 2) and C. lasiura (0.7) ( (Table 6 ).
DISCUSSION
A comprehensive seasonal rodent-borne disease surveillance program, which included serosurveillance for evidence of 0. tsutsugamushi (the causative agent of scrub typhus) infection in small mammals and identification of larval chigger mites, was conducted in 2003 at 8 US and ROK operated training sites located near the DMZ. While few cases of scrub typhus have been reported in US soldiers over the last decade, a pre-and post-deployment serosurvey detennined that 0.2% (15/9,135) seroconvened to scrub typhus while deployed to Korea in 1995 (20) . Reasons for these undiagnosed cases are unknown. However, evidence suggests that serological techniques (i.e., EUSA) used for diagnosis are often not positive for up to 30 days after infection and follow-up characterization of illnesses are infrequently done once the soldier is released and returned to duty [ 18, 21) . Overall, the observed prevalence of 0. tsutsugamushi specific antibodies were moderately high in [8, 12, [25] [26] [27] . Similar to other studies, L. pallidum was the predominant chigger taken from A. agrarius in areas near the DMZ (8, (14) (15) (16) 26) . Unlike Ree et al. (28) , and Lee et al. [ 15) who observed high chigger indices of L. pallidum (range 43.6-136.1) on A. agrarius in the fall (October) at Gyeonggi-do (Province), our results showed the highest indices (165.4) during the spring (March) period, with relatively low indices during June, August, and NovemberDecember (14.2, 8.4 , and 28.4, respectively). These data do not conform to the high incidence of scrub typhus from late September-early December observed in the Korean population, which may in part be related to increased human exposure during harvesting and other outdoor activities. Additionally, small mammal surveillance was conducted prior to the onset of the primary "scrub typhus transmission season", and therefore may account for the low larval chigger indices from A. agrarius and other small mammals. While the number of scrub typhus cases 36%) 122,24) . Therefore, other factors, e.g., pharmacies not issuing prescription drugs without a doctor's request, improved diagnostics, adoption of a 40 hr workweek, which allows more time for outdoor hiking and pirnics, and increased awareness, must be considered.
Surveillance of small mammals and associated zoonotic diseases was conducted in military-restricted areas near the DMZ where ROK and US soldiers are deployed and/or train. The presence of vectors of 0. tsutsugamushi, relatively high seroprevalence rates among rodents, and transitory vegetation in disturbed environments, all of which are characteristic of military training sites located near the DMZ, place soldiers training in these habitats at risk for scrub typhus. Cantonment sites are often established adjacent to tall grasses and forested margins, while training activities place them in chigger infested habitats along roadsides, firing positions, or other grassy areas. Soldiers that properly wear their uniform (pant legs tucked into their boots) and the increased use permethrin-treated uniforms greatly decrease risk of larval chigger bites and may account for the low proportion ( 0.2%) of soldiers that seroconverted to 0. tsutsugamushi during the 1995 pre-and post-serosurveillance of> 9,000 US soldiers deployed to the ROK 110). Evaluations of environmental modifications (e.g., cutting vegetation to < 10 em) are necessary to determine its effects on decreasing small mammal and chigger populations and the potential for disease transmission where soldiers conduct field training 129,30).
Finally, surveillance of small mammal and their ectoparasites, such as this, can be used to produce ecologic niche models that provide information on the spatial and temporal patterns of rodent populations and potential for disease transmission and provides necessary baseline data that can be used for developing, instituting, and evaluating the success of disease mitigation strategies.
